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The purpose of this investigation wee twofold, The 
firet, and more general, Sim was to contribute, in some amail 
moncure, to the knowledge of dyeing by determining what bene- 
fits, if any, c@n be realized from the hich temperature 
technique in applying sulfur dyes to cotton. iIn this in- 
etance, it is considered thet even negative informetion will 
be of considerable value if only by virtue of the fact that 
the question must be anewered if the field of high temperature 
is to be explored thoroughly. The second, and more specific, 
Sim wee to determine whether industry can utilize profitably 
the high temperature method in applying sulfur dyes to cotton 
with ne more special equipment than the pressure-closed 
dyeing systems thet it already has at ite disposal, in this 
instance, only positive information is of value. 

During the dyeing phase of thie work, dye-~house-Like 
eonditions were maintained in preference to laboratory con- 
ditions to eatisfy the above-mentioned second aim. The 
dy@ings were performed in & Morton one-pound package machine, 
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modified to permit utilisation of the entire dyebeth at the 
high temperature rather than only about half the dyebath, as 
was the case pricr to modification. 

Five sulfur dyes, representative of the ranges of 
light~fastness and wash-fastnese available te this class, 
were selected for use in the problem, Four one~pound packages 
of cotton yarn wore dyed with each coler; tee rune being 
wade at a norm temperature of 190° F.; and twe runs being 
wade at a high temperature of 250° 7., uader sufficiently 
¢ontrelied conditicas to provide & basis for comptrison., 

A preliminery high tempereture run was mide to determine the 
optisum duration of the high temperature phase of the dyeing. 
413 eubsequent high temperature runs were conducted in 
accordance with this determination, The normal tempereture 
runs were conducted, insofar 4s was practicable, in secordance 
with the procedures recommended by the migufecturer of the 
dyeutufis. 

The resalts of the two techniques were compared, for 
@ach dye, on the following bases: 

(i) the duration of the dyeing cycle 

(2) the exhaustion of the dyebath 

(3) light-fastaess 

(4) eash-fastvess 

(5) the residual strength of the dyed yarn. 

in every case, the high tempertture technique proved 
eupericr to the normal temperature method both in the 


hake 


edd $a deadogh octone od? Yo Molemallisa Pheceg oF baltison 
ae dtmioyd ee Lied teede vine ont? wettin omstevequed dats 
sschi@ekttton of wokzg eee eit aoe 

to emgue: O82 bo yeIareeRO men \weyb weklue ost 
\Beako eid? OF OLGALUCt wetEtomt-decw hue weenteat-tigil 
eephisey havoq-toe You'll .aeldesy ait at eu woh Reisalen grow 
yeded emer: of jofot dose tiie beth eer azey actten wo 
Bake care on bes TA CORE te SnebieqNOT Eames & 98 ube 
| @hynetedttoe «ate \.1 GSK fe Orotarse? gid 8 ts ober 
meme wet wtekd 2 ebleone OF Emettlommo hekfortses 


emntbroest at ,oiteciteag caw 22 xhowst beruubaes sser tere 
_owtbottregnaeaengalaantinabenpemmantzenanendtvednan’ | 


ihe |  , ehiaieoyt 
wt one ie wine ot wit Yo whe me 
of peened gateoliet ads of ,oym dem 

 ‘@fego guicw ed? to sotto’ wid (2) 

 Gtadeyb edt to eoltestaas oat (2) 

enantass—tigit (8) 

wnentont<cote (b> 

orig WOU Od? Qo APguEere Lawbaewe eth (2) 

beens vepinise) reutsrewet Meit ad? SARE qoMe £7 
O47 98 dood bod?on orestarsqees Lerrem et? oF relia 


duration of dyeing cycle and in exhaustion of the dyebath. 
No significant sacrifice of light-festaess, wash-fastness, or 
yarn strength was experienced. 

The most valued finding of thie thesie ia the fact 
that certsinly equal, and, in many cases, better, dyeing 
results can be obtained through the use of high temperature 
techniques at a thirty-three per cent saving in tine. 

The wide raage of variation between the performances 
ef the individual dyes pointe to the possibility that sone 
meubers of this clase may not be applied profitably at « 
“high temperature. Extensive researeh efforts on the part of 
individuals throughout the world have established the value 
of the high tempersture technique sufficiently well to warrant 
wide-acope research on the part of the dyestuff sanufacturers 
inte the adaptability of each of their dyes to application at 
& high temperature. It is suggested that euch information be 
put at the disposal of the dyeing industry, so that those 
Who @re able te could avail themselves of the economics and 
other benefits te be realized from the use of high temperatures. 
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CHAPTER I 
INTRODUCTION 


The year 1873 marked the inception of sulfur dyes 
when two inspired Frenchmen, Croissant and Bretonniere , 
giving full reign to their imaginations and hopes, welted 
guifur and sodium sulfide together with sawdust, blood, 
peat, and other “organic substances" to come up with a 
successful coloring matter which they proceeded to name 
"Cachou de Laval". The connection with ‘Laval’ in sot 
known, but the word, "Cachou', goes back to the Malayan 
word, ‘eatechu’, which refers to various products of par~ 
tieular tropical plants which were used for dyeing, tanning, 
and even for preserving fish nets. In view of the fore- 
going, it is easy to understand the inability of either 
Croisgant or Bretonmniere to produce a satisfactory 
description of the exact chemical constitution of their end 
product. Unfortunately, thie stigua of uncertainty has 
plegued the sulfur dye throughout tte history, even to the 
present day. 

It is only fair to say, however, thet a good deal of 
the mystery hee been cleared away &o far ae the modern sulfur 
dye is concerned. The work started only twenty years after 
Croissant and Bretonniere’s experiment when, in 1895, Vidal, 
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another Frenchatn, melted sulfur and sodium sulfide together 
with intermediates of known chomical constitution, para 
Suinophenol and dinitrophencl, to produce a black sulfur dye 
of immediate success, appropriately named, “Vidal's Black”. 
Using such intermediates of known chemical constitution, of 
course, @quips the experienced chemist with considerably 
more information on which to base an opinion es to the con~ 
stitution of the end product. Work has progressed at length 
to the point where, in current tines, the chemical consti~ 
tution, and even the structure, of the building units of 
guifur dyes is known, Gut the arrangement of these waite 
in the dye structure end the exact number that go to make up 
@ complete molecule are still matters which heve not been 
deternined with requisite seientifie accuracy. 

The entire difficulty in the matter stems from the 
fact that sulfur dyes, at best, are mixtures of products of 
the original members of the reaction. The sulfur dyestuff, 
itself, which would be the chief? coloring agent in the mix~ 
ture, is extremely difficult to isolate. As it approaches 
purity, it becomes leas and less soluble, even in the aiheli 
euifide solutions norm@liy used to dissolve the dyes. 

The sulfur dye's indifference to chemical analysiz, 
however, has not detracted from its long-standing suecess and 
popularity. Though the full range of colors is not avaiiable 
in the gulfur dyes, and though the colers that are availsble 
produce far from brillisnt shades, the cheapness of the dye 
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and its generally good fastness to light, washing, and crockiag 
have made it a natural choice for heavy cotton fabrics, 
industrial fabries, and work clothing. For years, the dye~ 
dye, and, to this day, they stand among the top three or 
four dyes in production. 

in recent years, sulfur dyes bave lost « share of 
their original popularity to newer, or improved, competitive 
products, However, the development of a dyeing technique 
which would improve upon the efficiency of present methods 
could do much to boleter the status of what is, essentially, 
@ good dye handicapped with poor exhaustion properties, 

The most important recent development ia the field of 
dyeing textiles, the high temperature technique, could offer 
geome promise for this class of dyes. It has already led to 
signal succeas in applying colors to the “haerd-to-dye" syn~- 
theties, and it greatly speeds the dyeing of wool (1). The 
whele science of dyeing ic bawed a@imost sclely on eupirical 
kaowledge. If all the benefits to be gained from the use of 
the high temperature technique are to be realized, then the 
fund of the eupirical knowledge of dyeing must be enlarged to 
include the various effects of high teuperatures on 411 
dyes and fibers in their usual combigations. This work is 
intended to supply some of thet information for the sulfur 
dyes and the cotton combination, 

High temperatures work to advantage in wany dyeing 


operations through various mechaniams, a11 stemming from the 
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thermal energy increase of the fiber-dyebath systen. For 

the fiber, the additional beat side in swelling the mass, 

thue serving to enlarge the macro-molecular interstices, 
This, of course, provides easier entry for the dye molecule, 
or aggregate, into the interior of the fiber. 

4s for the dyes, very few ére known to go inte 
complete solution at room temperature in the weusl dyebeth 
concentrations. Instead, they tend te form aggregates of 
Snywhere up to one hundred molecules, depending upon the 
nature of the particular dyestuff under censideration. This 
works to no advantage in the dyeing operation, The dye 
molecules, themmelves, are characteristicaliy large in 
eteveture, often approaching the interstices of the fiber ia 
sime, Common aggregations of these meaesive molecules can, 
and often do, exceed the size of the interstices. Good dyeing 
cannot be realiced if the dye particles are too large to 
enter into the interior of the fiber, 

However, it is also known that an increase in the 
temperature or an extreme dilution of the solution will act 
to break down these ageregates. Since & very dilute solution 
does not serve an &@ good working dyebath, the only practical 
way to reduce the degree of agrregetion of the dye is to 
reise the tenpersture of the beth. Sume dyes will disperse 
satisfactorily st, or below, the boiling tempereture. Others 
will not. Most dispersions can be improved by raising the 
temperature above the beil. 
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High temperature aieo increases the migratory setivity 
of the dye particles. This causes earlier and better pene- 
tration of the fiber by the dye. It also encourages better 
levelling of the deposited coler, A dye, by its own 
definition, must have a characteristic affinity for ite fiber. 
It derives ite affinity from hydrogen bonding or residual 
vwalenees. Rarely do a dye and a fiber combine chemically 
in the common sense of the word. Under normal conditions, 
remembering that they never lose their tendency to aggregate, 
the dye particles often secumulate on selected areas of the 
goods at the expense of more lightly laden areas. Under 
higher temperatures, thie tendency merely to aggregate on the 
fiber is counteracted by the higher kinetic energy generated 
by the heat. The dye particles which would be in excess in 
any one area receive sufficient motive force to migrate to a 
more sparsely inden srea where the opportunity for permunent 
bonding with the fiber is such greater. The end result is 
better levelling of the eolor. 

The problem et hand was to determine whether these 
high tempereture principles can be applied profitably to the 
dyeing of cotton with sulfur dyes. To be profitable, the 
operation must save either time or miterial, 

Wormally, sulfur dyes do not exhaust well. The cotton 
preferentially absorbs only twenty to thirty per cent of the 
dyestuff from the beth. For econemy’s sake, the one beth 
must be used for several runs, with periodic replenishment 
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of the exhausted dye increment. This cannot be continued 
indefinitely, though. The dye does &ge on standing, aud 
will lose some of its coloring strength as @ consequence. 
Eventually, the standing bath must be replaced with an en- 
tirely fresh one. If the exhaustion of the dyebath could be 
inueressed, then, literally, less material and money would go 
dowa the drain. 

Even more important than the saving of materisi, since 
sulfur dyes are relatively cheap, is the saving of tim. 
Time, in @ profit and loes statement of operation, becomes 
translated into terms of labor and effective employment of 
equipment. Both items are commonly among the most expensive 
in most enterprises. If three high temperature dyeing runs 
could be completed in the time that it normally takes to do 
two normal tempernture runs, then, in effect, the production 
capacity of the plant would be increased automtically by 
Lizty per cent without the addition of # single piece of 
equipment. | 

All savings Gre to no avail, however, if the high 
temperature product is not as good ae the normal temperature 
product. The best gages for comparison are fastuess to light 
and weching, Sad residual etrength of the yarn, None should 
@uffer damage from the higher temperature. Or, at least, no 
damage should be se extensive aa to offset any benefits to 
be gained. 
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Unfortunately, we are illy equipped to engage in 
theoretical conjecture on this matter. Though we are learn- 
ing fast, too little is now known shout the physico-chemical 
properties of dyes and their fibers, The enigma of the eul- 
fur dye's chemical structure makes the problen even more 
complex in this case. Venkataraman (2) nicely implies the 
futility of any attempt at prediction when he states, 

On the theoretical side, curiously enough, coler 

of the relation beteces the eheniesl constitution 


chemical constitution 
of dyes and their color is largely eupirical, The 
iets have not yet been @ble to preceed beyond a 


ts light 

catalytic activity of certain dyes ig the photo- 

ehenical tion problems 

rémin unso « The theories of dyeing are in on 

extremly rudimentary condition, notwiths the 

spate of publications on the subject from time tim. 
Horeover, the sulfur dyes are a family only by virtue of 
their common method of preperation, thet is, the fusing 
together of various organic intermediates with sulfur, 
@odium sulfide, aad/or polysulfgides (3). It is not reasonable 
to expect thet any one member will represent the behavior of 
the entire fanmiiy. 

in view of the foregoing, only one course of action 

remtined open. The empirical method was the only attack 
which could yield sufficientiy concrete anewers for the 
solution of this problem. Any theorizing was beyond its sgope 
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sud will he left for the time when our knowledge of sulfur 
dyes and the chemistry of dyeing is less sketchy then it is 
at present. 

The most thorough treatment of the theory of high 
temperature dyeing is that done by Drijvers (4), and hie #111 
be the guiding principles in the handling of this probien. 
The following is & review of those principles, 

Dyeing can be considered te be & physico-chemical, or 
@ purely chenies1, reaction. This reaction is reversibie, 
and will reseh on equilibrium eventually. The state of the 
equilibrium and the time within which it is established are 
functions of the temperature under which the reaction is 
earried out. 

There are three phases involved in the dyeing cycle. 
The first ie the partial diffusion cf the dyestuff in the 
bath toward the surface of the fiber. The dye solecules, by 
virtue of their residual valences, also tead to aggregate 
together in the dyebath. The degree of aggregation differs 
from one dyestuff to another, For each temperature, there is 
@ corresponding state of equilibrium between the quantity of 
dye in the molecular state and the quantity of dye in the 
aggregated state, 

The second phase is the adeorption of the dye by the 
fiber. The molecularly diffused dye is brought into contact 
with the fiber by the circulating bath. The @dsorption 
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phenomenon proceeds up to the point of the equilibrium thet 
corresponds to the particular temperature prevailing. 

The third phase is the diffusion of the dye into the 
interior of the fiber. The dye molecule must penetrate the 
intererystalline spaces of the cellulose sacro-molecule. 
Penetration, normilly, is Glow and difficult because of the 
mechanical resistance which the dye meets in progressing 
through the fiber. Consequently, the dye piles up and 
rapidly eceumulates on the surface of the fiber, hastening 
the state of equilibrium. Ag a result, adsorption stops, but 
diffusion into the interior of the fiber is encouraged, igh 
temperature greatly aids in the penetration process, The 
addition of electrolytes does enecurtge an early arrival at 
the state of physico-chemical equilibrium, but temperature 
Still remains as the primary determinant. 

A dynamic syetem of & dyebath and & wanes to be dyed 
eannot be driven toward practical exhmustion watil a tine-~ 
terial equilibrium has been reached between the eatire masse 
@nd the whole of the dyebath. This consideration is of prine 
importance to level dyeing. The principei factors having the 
power to influence this system are temperature and con~ 
centration of electrolyte. The temperature most importentiy 
influences the speed with which dynémic equilibrium is 
reached, The maaner by which equilibrium is reached, the 
quantity of dyestuff, and the amount of material to be dyed 
in its presence at the moment of equilibrium are cheracter- 
istice belonging to each individual dye. 
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Practical application of these principles involves 
raising the temperature @s rapidly as pousible te the point 
most favorable to the speed of diffusion of the dye and to 
the carly establishment of the physico-chemical equilibriun. 
This promotes good penetration and levelling. Then the bath 
is cooled to the point most fevorable to exhmustien. The 
addition of electrolyte will increase this walue. In essence, 
the technique is the reverse of the normil order of dyeing. 

Perhaps the most ambitious undertaking in high ten- 
perature research was the work done by the Philadelphia Section 
of the American Association of Textile Chemists and Colour~ 
ists (5). Their aunounced purpose was to investigate, 
briefly, the behavier of every clase of dye and &11 the common 
fibers under high tempereture, Their report is the only one 
thet carries any information on sulfur dyes at high temper- 
atures. They worked with five dyes of this class and found 
that a temperature of 236° F, would destroy up to five per 
eent of the coloring power, though in one case (Sulfogene 
Golden Brown RCY) improvement of five per cent was shown, 
They offer the opinion that the estton fiber should be able 
to withstand the same temperatures and conditions of alka- 
linity in sulfur dyeing thet it does in kier boiling. 

In their setuel dyeing rune, they pedded cotton fabric 
with @® solution of thirty grams per liter of dye solubilized 
in @n equal amount of sodium sulfide. Thia they dried and 
then treated in & glase pressure tube with @ one-to-ten 
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fabric-to-bath ratio of seven and one-half? grams per liter 
of sodium sulfide at a tempereture of 236° ¥, for thirty 
minutes. They judged their results by & visual rating of the 
tinctorial etrength and shede, and found au increase in 
strength in every case but one which did, at least, equal the 
results of the normal temperature run of 180° F. 

The high temperature produced no change in the dyes’ 
original fastnees ratings. 

They did mot attempt to measure and compare beth ox~- 
haustions. 

Their findings indicated that, though the tinectorial 
strengths of the sulfur dyeings at high temperature increased 
only slightly, good dyeings might be obtained by much shorter 
periods of exposure to the high temperature, 

Among their general conclusions, they state that high 
temperatures greatiy increage diffusion and penetration, and 
that speed, levelling, and diffusion gains make high ten 
peratures worthy of adaption te high-speed, continuous dyeing 
processes where volume production can make the most of the 
economies to be gained, 

Zimmerwan (1), though not referring directly to sulfur 
dyes, does list some of the more ituportant general aepects of 
high temperature dyeing. 

He reports that high temperature dyeing is fifteen 
years old. Pressure, iteelf, hee no effect on the process, 
but is used merely to arrive at temperatures above the boil. 
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The rates of most chemical reactions increase with tenmpera- 
ture, and the rete of dyeing similarly increases. However, 
some dyes decompose when held at @ high temperature for 
several hours. Most machines dye at 250° F. and forty pounds 
gage pressure. Little advantage is gained by the use of « 
higher temperature. 

Dyeing takes place by the diffusion of dye molecules 
duto the intermicellar apaces of the fiber. Fiber svelie in 
water. Wool, in particular, undergoes greetiy increased 
gwelling as the temperature is increased, At the same tine, 
the rate of diffusion of the dye particles increases with 
temperature and with & decrease in their size. Feu dyes are 
known to go into molecular dispersion in aqueous solutions. 
They commonly aggregate inte groups of from teo te ten mole~ 
ules, sowetines as many os & hundred molecules. The degree 
of aggregation varies inversely with the temperature. 

Ia sumtition, high temperature promotes dyeing by in- 
creasing the pore sizes in the fiber; by decreasing the size 
of the dye particles; and by increasing the rate of diffusion 
of the dye. Cellulosic materials de not respond te high 
temperatures Ge well as do protein mterials, Also, under 
@qual conditions, a fiber at equilibrium takes up lese dye at 
higher temperatures, bet the rate of diffusion of the dye is 
increased. In general, high temperature dyeing takes less 
time and produces equal or better fagtness ratings in con~ 
parison with normil temperatures. 
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Ae for damage to textile fibers, none suffer signifi- 
cantly from exposure to high temperatures for a short period 
of time, with the exception of cellulose scetate. 

With the exeeption of Drijvers’ work, it appears thet 
practically @12 high temperature research has been done using 
laboratory techniques and highly specialized equipment such 
@o mercury column seals, pressure~-differential platform 
valves, Bad high-pressure glass capauies. None of these hold 
great promise for economical reproduction on an industrial 
setle. Further, no reports have been found dealing with the 
specific aspects of high temperature application of sulfur 
dyes under similated dye~house conditions. It is felt thet 
this work can help to bridge the gap between laboratory and 
dye-house by attempting to provide @uswers which will reflect 
directly upon considerations of immediate practical appli- 
eation of sulfur dyes at high temperatures on 8 commercial 
basis. 
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CHAPTER If 
INSTRUMENTATION AMD EQUIPMENT 


The following list conprises a11 the itens of special 
equipment used in this problem: 

Morton Twelye-~Pound Package Machine 

Morton One-Pound Package Machine (Modified) 

Atlas Pade-Ometer 

Atlas Launder-Oneter 

Lametron Colorimeter, Model 402-2 

With the exception of the modified Morton One-Pound 
Package Machine, @11 items of equipment are standard sanu- 
facturer's products, available on the open atrket, and re- 
quire no special deseriptive treatment. 

The Morton One-Pound Package Machine was modified by 
the addition of @ stainless steel cover which can be bolted 
to the top of the expansion chawher. This seais the chauber 
from the atmosphere and permite the entire dyebath to be 
circulated under high tenpersture. 

Before wodification, the expansion chamber had to be 
closed off from the reminder of the system by means of 
Valves whenever it was necessary to use high temperatures. 
Any dye solution remaining in the oxpeasgion chamber, of 
course, could not be used during the high temperature phase 
of the dyeing. This reguited in the loss of 811 control over 
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dye-bath ratios. Two views of the modified mchine are 
shewn in Figures 1 and 2. 

A view of the lametron Colorimeter, Model 402-2, is 
shown in Pigure 3. 

All other equipment are standard items commonly found 
in Quy leboratery connected with chemistry an4 dyeing. 
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CHAPTER 131 
PROCEDURE 


m of t wn.--The cotton yarn to be used ix 
ite peenhen the Munk Gncnavnndene With whahek Ge tite 
twist, aad breaking strength in accordance with the American 
Society for Testing Materials Standard Test D 180-527 (6), 
It was found to be @ number 16 single-ply yarn with @ 2 twist 
of 18,1 turns per inch and with ® breaking strength of 1,15 
pounds. The strength, however, wea found to be highly irreg~ 
ular, varying from 0.9 to 1.62 pounds, This irregulerity is 
expected to affect the securtey of the strength tests on the 
Gyod snuples. The results are shown in Tables &, 9, and 10, 
After eharacterization, the yarn sas wound on per- 
forated, stainless-steel dyeing tubes to yield around one pound, 
net, por package, 


Seouring.-~Rather than scour each package of yarn singly is 
the one-pound machine just prior to dyeing, the yarn was 
scoured in groups in the twelve~pound machine, thus saving 
time in the subsequent dyeing operations. 

In seouring, the yarn was first wet out with one-half 
per cent of Tergitol Penetrant 7 at 180° FP. for fifteen 
minutes, The bath was set, then, st 200° F,, and the setual 
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scouring wae doue in five per cent sodium hydroxide, three 
per cent sodium carbouate, and one per cont soap flakes for 
one hour, All percentages are bawed on the net weight of the 
yarn. The beth was drained, and alternate hot and cold 
rinses were G&pplied until red litmus paper no longer registered 
Sikalinity iu the bath. The packages were hydro-extracted and 
then dried in @ hot @ir oven for thirty-eix hours. This was 
followed by « forty-eight hour conditionuiag et sixty-five per 
cent relative humidity and 76° Fr. 


Sample Preperetion.~-Each package of scoured yarn was tagged 
with &@ number which it would carry throughout the experiment. 

Bight bresking strength tests were made on each of ten 
peekages, five of which were to be dyed at normal tempersture 
(one for each dye used), and five to be dyed similarly at 
high temperature, The strength data were recorded by package 
muuber to serve as the basis for determining the comparative 
effects on yarn strength of each of the dyes both under 
mormhl tewpereture and under high temperature applications. 

These data are meent to serve merely in the capaeity of 
& Control and not ae an exheustive test, inasmuch a6 a1) 
published literature indicates that cotton is not expected to 
@uffer significantly from exposure to temperatures of the 
order to be ueed in thie experiment (1), (5), and (7). 

The weight of each package wan determined to within 
oue~tenth of & gram. This information was recorded by 
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package number to serve as the besis for the calculation of ali 
weights of dyes and chemicals to be used in the processing of 
the packages, 


Colorimetry.--Colorimetric measurements were used to determine 
the exheustion of the dyebath. 

Colorimetry is based on two laws (8), The first, 
known 46 [anmbert's law, states that the amount of soncchromtic 
light traneuitted by @ pure, colored solution is ® function 
the light is tranemitted. Thie is expressed mathematically 
as, 


i, * 1-0"? q1) 


whore I, is the intensity of the light transmitted through 
the solution, I, is the intensity of the source light being 
directed into the solution, 1 is the thickness of the layer 
of solution, @nd & is @ constent. 

The second law, known &6 Reer’s lew, states that the 
@mount of monochrommtic light transmitted by a pure, colored 
@olution is a function of the concentration of the solute, 
in molecular dispersion, in the solution, This is expressed 
mthematically as, 


I, = 1-07 (2) 


t 


where c is the concentration of the solution, b is @ constant, 
and the rewmpining symbols are the same as those named above. 
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The two laws can be combined as follows: 


ke} 


i * 1,0 (3) 


where k ig @ constant. 
Most colorimeters are best able to measure in terms of 
percentage transmission of light, T, expressed as, 


~ 
= Y- 100 (4) 


However, transmigeion does not wary linearly with 
concentration as does optical density, D, equated as, 


wit Lo so = Lotro (% 


This equation ean be combined with (3) as follows: 
D = kel or, <6) 
D = eel (7) 


where ¢ is expressed in moles per liter, 1 is expressed in 
eentineters, and @ is the molar extinction coefficient. The 
extinction ccefficient is equal to the optical density of a 
one-centimeter thick lsyer of ® one molar solution of the 
particular substance under investigation. 

Formula (5) is the one normally used with & coloriseter 
that reads in terms of percentage transmission of light. 
Vader ideal conditions, and when plotted on @ semi~logaritha 
paper ag@inst values of concentration of solution, it should 
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yield @ perfeetily straight line. The ideal conditions referred 
to include having @ perfectly moncchromatie light source and 
@ perfect molecular golution. In the work at hand, seither 
condition could be realized. The colorimeter used employed « 
tungsten filawent white light source and a series of filters 
which transmitted a working bend of light thirty millimicrons 
wide (fifteen millimicrona to either side of the designated 
wavelength). Purthermore, as had been indicated earlier, 
éyeu are rarely known to go into perfect molecular solution, 
eucept under special conditions. 

As could be expected, in trial runs with precisely 
controlled concentrations of dye solutions, a curve, rather 
than & straight line, resulted from the use of formula (5). 

Ag @ trial, values of concentration of solution were 
plotted aguinst percentage transmission light readings taken 
directly from the dial of the colorimeter. The resulting 
line was no more curved than that generated by formule (5). 
It was found to work very well in determining the concentration 
of @ solution trom & percentage transmission of light readiag. 
it was then decided to construct a graph for each dye in that 
form. See Figures 4 through 9, 

The capacity of the dyeing machine, with a one-pound 
package of yarn installed, was Sceurately determined. Thie 
volume was found to be fourteen liters. it was adhered to 
strictly in o11 dyeing runt, meking due @licewance for the 
dye solution Gad the ealt solution to be added during the run. 
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4& ten per cent dyeing wae decided upon for 411 rune 
@ince this represented & wiximum dyeing for sulfur dyes, This 
percentage on @ one~-pound package in fourteen liters of bath 
yields an initial concentration of @ littie more than three 
grme per liter, This is too dense & concentration to be read 
en the colorimeter. However, if the solution is diluted to 
one one-hundredth of ite original concentr@tion, it falis 
very nicely within the middle re@ding range of the colorimeter. 
This determined that the graphs would have to be constructed 
for @ range of concentrations of from 6,050 to 6.010 gram per 
liter. 

The calibrating solutions were prepered by weighing out, 
om the anelytical balance, extetiy one gran of dye, one gran 
of sodium carbonate, two grams of common gait, and from one to 
four grame (dependent on the dye) of crystalline sodium 
sulfide of reagent grade. The dye, soda ach, and sulfide were 
®iurried with water and boiled for one minute. Three hundred 
milliliters of water were added and the solution was boiled 
for another minute. Then it was cooled to room temperature to 
prevent expanution when poured inte the volumetric flask. 

The salt was dissolved separately aud then wae added 
to the solution. The two graus of salt represent, exmetiy, 
the twenty per cent salting thet each dysbath would be sub~ 
jected to pricr to the ead of the run aad the drawing of the 
@liquot portions sample of the dyebath for colorimetric measure~- 
ment. 
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Sufficient water was added to the solution in the 
volumetric flask to sake exactly one liter of solution, The 
solution ws acw @n exact proportional representation of the 
composition of the dyebath. 

Fifty milliliters of the solution were drawn with a 
volumetric pipette Gnd were mixed with four hundred and fifty 
milliliters of water in & five hundred milliliter volumetric 
flask to yield a concentration of one-tenth gram per liter. 

From this last as a working solution, concentrations 
of 0.050, 0.040, 0.0360, 0.020, and 6.010 gram per liter vere 
then prepared in a fifty milliliter volumetric flask. 

This procedure of dilution was conducted to reduce the 
percentage of relative error to a6 emill & value as poasibie, 

Once the golutions were prepared, it wae next necessary 
to determine which filter would be the most &ppropriate for 
each dye. A solution with @ specific color will absorb nore 
Light of one wave length than it will of another, As an 
extreme example, & pure red solution will transmit one hundred 
per cent of @ light heving a pure red wavelength, regerdiecs of 
it® concentration. Consequentiy, no changes ia readings could 
be obtained by varying the concentration of the golution. The 
most G@ppropriate light is the one to whieh the solution will 
appear to be moet opeque, or optically dense. The filter pro«- 
ducing that light is the one which must be used. 
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With the 0.080 gram per liter concentration as the sub-~ 
jeet sauple, readings were taken for each of eleven filters 
covering the entire spectrum of visible Light. The filter 
yielding the least transmission, or the greatest absorption, 
of light was selected for use with the particular dye being 
masured. These sheorption values are shown for each dye in 
Tebles 11 through 15. 

Next, with appropriate filter installed, readings of 
light transmission were taken for each of the concentraticnas 
of solution previously prepared, These values are shown for 
each of the dyos in Tables 16 through 20. 

Graphs vere constructed by plotting concentration of 
sclution, in grams per liter, against corresponding percentage 
traneuiesion of light readings. These graphs were used as the 
yardetick in determining the final concentr@tios of the 
exhausted dyebath at the end of each dyeing run. 

To prepare the dyebeth eamples, @ portion of the beth 
wae drewn from the dye chawber bleed~cfif with the mth ecircu~ 
lating from the outeide to the inside of the package. This 
@auple waa cooled te room temperature. Then one milliliter 
was pipetted from the sample and was mixed with tap water to 
£111 @ one hundred milliliter volumetric fiask. Thie solution 
was then oeasured in the coloriseter. 

ta operating the colorimeter, one-centineter cuvettes 
were used; tep weter was used &e 8 etandard reference solution 
for the purpose of sercing the instruwent; and a sensitivity 
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ef 2ifteen gailvenometer graduations to ten tranemiasion dial 
gradustions wae weed. 


Dyeing.--In every dyeing run, ® ten per cent dye concentration, 
besed on the weight of the yarn, wae used. The dye we weighed 
out on an Sualytical balance to the thousandth of a gram, An 
equal weight of soda agh, and various weights of crystalline 
sodium sulfide of reagent grade were used an the alkaline 
eolveats needed to drive the dye inte aquecus solution. 
Twenty per cent galt, based on the weight of the yarn, wes 
diescived separately for later addition to the beth. 

The dye, soda ash, and sulfide were slurried with water 
end were boiled one minute. The volume wae brought up to 
five hundred milliliters with water, and was boiled for ancther 
minute. 

The salt was made up into « five hundred milliliter 
solution with water and was heated until disecived. 

Prier to the Setusl dyeing run, each package wee wet 
ut with two grams of Duponol BA for fifteen minutes at 160° FP, 
The wetting out bath was drained, and al] residual wetting 
agent was rineed off in 8 cold, running bath to prevent 
foaming during the dyeing run. 

«Em the normal tempereture runs, the bath, amounting to 
thirteen liters of water, wae set at 100° 7, The dye was 
added in two equal portions, one with the bath circulating 
from the inside of the peckage to the outmide, and the other 
with the beth circulating from the outside of the package to 
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the inside, Dyeing wee allowed to proceed for twenty sinutes 
at 100° 7. The direction of cireulation of the bath wes 
altermated every five minutes. 

Salt was added to the bath over the following fifteen 
minute period, at the rate of about forty milliliters of 
solution every minute. The direction of circulation was 
alternated for each addition of salt, 

Dyeing wae allowed to proceed for an sdditional tweaty- 
five minutes at 190° ¥, The direction of circulation was 
alternated every five minutes. 

A sample of the exhausted dyebeth was drawa at the ond 
of the sixty minute dyeing cycle, to be measured for con- 
eentration in the colorimeter. 

The beth was drained, and & running cold water riage 
‘WAS Applied until the bath ran clear. 

two hot rinses of 160° F, were run for ten minutes each. 
The package was then washed in one-half gram of Duponol nA 
at 120° ¥, for tem minutes. 

The bath was drained, and @ last ruaniug cold rinse 
was applied until the vetting agent foam and bubbles dis- 
appeared. | 

The package was removed frou the wachiue and was hydro- 
extracted, It was dried in the hot air oven for twenty-four 
hours, and then it was conditioned at sixty-five per cent 
relative humidity and 70° 7, for forty-eight hours. 
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the same manner with the exception of the actwal dyeing cycle. 
The bath eas set at 190° F., and the dye was added in two 
equal portions, as before, The top of the expansion chamber 
was bolted inte plsce and the temperature was raised to 
250° ¥, within ten minutes, 

Dyeing was Sliowed to proceed at 250° Fr. for fiftecn 
minutes. The direction of circulation was alternated every 
five minutes. 

The temperature wes dropped to 190° FP. by forced 
cooling. The top to the expausion chawher was removed, and 
ealt was added in exactly the seme manner as was done in the 
normal temperature run. 

The run wae terminated immediately after the fifteen 
timate salting phase, and & sample of the exhausted dyebath 
wae taken for colorimetric measurement of concentration. 

The reminder of the treatment was exactly the same as 
that for the normal temperature run. 

The period of fifteen minutes for the high temperature 
phaae was determined by a prolonged preliminary run, during 
whieh samples of the bath were taken as the temperature wac 
being raised; while the temperature was being held at 250° PF; 
as the temperature was being lowered; and efter salt was 
added. The results of the run are shown in Table 2. During 
the high temperature phase, the best exhaustion (as indicated 
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by the highest transmission of light reading) was reached efter 
twenty minutes at 250° FP, 

Because of the pressure on the system caused by the 
high temperature, the samples were tapped through a bleed- 
eff on the temperature gage aud pressure gage by~paes line. 
This included about one foot of tubiag in which the dyebath 
remiined stationsry while the valve was closed. In considera 
tion of this, it wae felt thet the readings from the tap must 
lag the setuhl condition of the dyebath by at least five 
minstes. Thus, & high temperature phase of fifteen minutes 
was selected. 

A total of twenty dyeing runs were wade, two for each 
aye at each temperature. It was felt that any one eet of 
results was consistent enough to form the basie for & com 
parison, 


Dyed Yarn Strength.--Eight break tests were made on each 
peekage of yern for which breaking strengths hed been recorded 
previcusly. The par t~dyeing strengths wore compared with the 
pre-dyeing strengths, and the change in strength for norm 
temperature dyeing was compared with the change in ttreagth 
for high temperature dyeing, The results of these tests are 
shown in Table 31. 


Light-Fastness Tests.--Light-fastaess teste were conducted on 
the dyed yarn in accordance with the procedures deseribed in 
the A.A.T.C.C. 1933 Yearbook (9). The samples, 811 together 
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in one group, were exposed to the are-light of the Pade-Ometer 
for four twenty~hour increments. Padding was determined by 
viaual inspection of the exposed sections under natural light. 
The first section to show Gppreciable change of shade determined 
the rating of the sauple. 


qnnertned tn tht AAT. WORD Tearbedh (20), wae dgptted to 
knitted samples of the dyed yarn. In the test, bleached 
eotton sheeting wis sewn to the back of the seuple which 
weacured two by four inches. The sauple wae sealed in a Mason 
dar cont@ining ten standard steel baile and one hundred willi-~ 
liters of a standard solution of 0.5 per cent soap end ¢.2 per 
eent soda ash, The e@uple wae run in the Leunder~-Gmeter for 
forty-five minutes at 160° FP. 

The sample wes removed and wehed twice in rinses of 
one hundred williliters of water at 106° F. by shaking 
vigorously for one minute, Then it wae soured in ono hundred 
milliliters of & 0.05 per cent solution of acetic seid at 
80° Ff. Thie was followed by 4 fins) rinse in one hundred 
milliliters of water at 90° ¥, The sample was hydro-oxtracted 
aud ironed dry with tho bleached cotton side wp. Any running 
of the dye wis determined by views) inspection ef the bieached 
eotton. 
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CHAPTER IV 
DISCUSSION OF RESULTS 


Dyeing Results.--The dyes used in this experiment are listed 
in Table 1. 

The reguite of the preliminary rua used to determine 
the fifteen minute duration of the high temperature phase are 
ghown in Table 2. 

All of the normal temperature dyeing runs were sixty 
winutes in duration. The high temperature runs required only 
forty minutes te complete. This included fifteen minutes at 
250° y. and fifteen minutes of salting at 190° F, The reminder 
of the time was weed to raise and lower the temperature between 
these two limits. This time was a characteristic ef the equip- 
ment used. It is sot considered critical to the dyeing phase. 
it is expected that the resulte would be just as good if the 
latter tine could be shortened or eliminated. This, of course, 
would result in an @dditional saving in the tine required for 
dyeing at the higher temperature. 

iu every case, appreciable increase in dyebath ex- 
h@ustion was experienced at the high temperature, The increase 
for each dye was ae follows (See Tables 3 through 7): 


Carbon ECF Greins 17.9% 
Direct BRCP 12.3% 
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Light Vash 
Sulfur bye Pastness 

Rating Rating 
Sulfogene Carbon HCF Grains 7-8 8 
Sulfogene Nevy Blue 4kC¥ Supra 4 4-8 
Sulfogene Tan 2hCF 3 4-5 
Sulfegene Direct Blue BRCF Conc. 200% 5—G 4-5 
Sulfogens Brilliant Green GCF 
Extra Conc. 150% 4-6 i 


Dye Manufacturer: I. FE. duPont de Nemours and Company, Inc. 
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Table 2. Dyeing Cycle Anelysis of Sulfogene Carbon BCP Grains 
Time ing Transnission 
(Minutes) (degrees, F.) es of Light 
9 199 Eater Dye $1.0 4% 
bs) 200 Raise Temp. 51.7 
8g 210 * 53.1 
14 220 “ 52.8 
22 230 w 84.9 
23 240 ” $3.6 
33 250 High Temp. 54.0 
34 250 al 54. 
35 250 sad 53.8 
36 280 * $3. 
37 250 bad $4.1 
28 250 bad 54. 
43 250 ” 64, 
48 250 sad 55.4 
$3 250 * $6.3 
63 250 ad 36.3 
67 240 Lower Temp. | 
74 220 ” 66.7 
80 220 ” $7.8 
8s 200 Salt $9.5 
168 160 Termination 62.8 
Constitution of Dyebath: 
Weight of Yarn (Package Number 27) 428.2 orem 
Yeight Bye 42.82 grams 
Weight of Sodium Carbonate 42.62 grane 
Veight of Crystalline Sodium Sulfide 86.64 grane 
Weight of Sodium Chicride £86 a 
Volume of Dyebeth 14. ters 


Concentration of Dyebeth 3.050 gma/l. 
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Table 3. ) of wth Exheustions for 
Gulfessus Carbon ECP Grains 


A Exhaustion of 

Sieh feapesetune Syenethe 44.7 & 
See eeetoen Se 

Normal Temperature Dyebeths 37.9 % 
Gein in Exhaustion by Use of High Temperature 6.8 & 
Relative Percentage Improvement by 

Vee of High Temperature 17.9 & 
Time of Normal Temperature Dyeing Cycle 60 wins. 
Tine of High Temperature Dyeing Cycle 40 mins. 
Gain in Time by Use of High Temperature 20 mins. 


Gain in Time by 
See of fiah Yenseneture 33 % 
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Average Exhaustion of 

Righ Temperature Dyebaths 34.9 % 

nee Exhaustion of 

Normal Temperature Dyebeths 96.0 % 

Gain in Exhaustion by Yee of High Temperature 6.9 % 

Relative fercentage Improvement by 

Yee of High Temperature 34.2 % 

Time of Noreal Temperature Pyeing Cycle 60 mins. 
Time of High Temperature Dyeing Cycle 40 mins. 
Gain in Time by Uae of High Temperature 20 wins, 


Percentage Gein in Time by 
Use of High Temperature 33 % 
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Table S, oon of Dyebath Exhaustions for 
Sulfogene ‘Tan 20cr 


Exhaustion of | 
oe ag vanes ate 46.65 % 
one? Rieuatien a6 | 
Normal Temperature Dyebaths 35.2 % 
Gain in Exheustion by Vee of High Temperature 11.45 & 
Relative Percentage Improvewent by 
Use of High Temperature $2.5 % 
Time of Normal Temperature Cycle 60 wins. 
Time of High Temperature Cycle 40 wins, 
Gain in Tiwe by Use of High Temperature 20 wins. 
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Uae of Temperature 33 % 
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High ture Dyebathe 35.6 &% 
pecuogr mieeuoses 3° 
Normal Temperature Dyebathe 32.7 % 
Gain in Exhaustion by Use of High Teuperature 3.9 % 
sesowere pavecemes Saqvevnaten 

of High Temperature 7 12.3 % 
Time of Normal Tesperature Dyeing Cycle 60 mins. 
Time of High Temperature Dyeing Cycle 40 wins. 
Gain in Time by Uec of High Temperature 26 mins. 


Percentage Gain in Time by 
Gee of High Temperature 33 & 
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of Dyebath Exhaustions for Sulfogene 
"*  peiftinae’ereen’ ocr Bxtse Cone, 150% 


&vevage Exheustion of 
High Temperature Dyebatha 46.0 & 
Exhaustion of 
Temperature Dyebaths 43.8 & 
Gaia in Exhaustion by Use of High Temperature 2.2 % 
cooeeere Rovenatee Saeerenanes ty 
Use of High Temperature $.8 3 
Time of Normal Temperature Dyeing Cycle 60 wins. 
Time of High Temperature Dyeing Cyele 40 mins. 
Gein in Time by Use of High Temperature 20 wins. 


Geis in Time 
i or wie tees 33 % 


ouateneqney dail bo ee ql nokinemixl et ate 


sump mregnet agi Be salt ee sult ot «hed 


Me SST eek 


The shades of the high temperature products were at 
least equal to those of the normal temperature products. In 
Some caves they were slightly heavier, or darker, to a barely 
noticeable measure, In the case of the Brilliant Greea, the 
high temperature products had a distinctly bluer chrom, The 
Tan dye produced & greener, or olive, cast at high temperature, 
in contrast te the redder or yellower chroma of the normal 
temperature product. The other dyes produced the same color 
St both temperatures. 

An effort was made to compare the penetrations of the 

dyes by means of microscopic cross-sections. The thinnest 
cross-section@1 slice that could be mide with the equipment 
on hand was two Ond one-half microns, The dye was too dense, 
even in that thin @ cross-section, to traneuit sufficient 
working light for microscopic inapection. The only general 
¢onclusion that can be drawn is that at least good penetration 
was obtained, 
Light-Pastness Resulte.--All of the dyes broke within sixty 
hours. Yor each dye, the high temperature and normal ten- 
perature products broke at exactiy the sawe tine, The tine 
required to produce fading in each dye was as follows: 


Carbon ECF Grains 60 hours 
Mavy Blue 4RCP Supra 60 hours 
Tan 2Rcr 20 hours 
Direct Bive BACr 60 hours 


Brilliant Green GCP 60 hours 
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Wash-Fastoess Results.--All of the dyes bled into the bleached 
cotton backing during the Number Three Wash Test. Neither the 
high temperature nor the normal teupersture product bled 
appreciably more than the other, However, the high temperature 
product did appear to retain more of its original depth of 
shéde than did the normal temperature product. This would be 
due to the heavier take-on of dye that we were able to achieve 
at the higher temperature. 

In evalutting the absolute results of the light and 
wach fastness tests, we must remember that none of the dyeings 
was after-treated. It is known that sulfur dyes derive sone 
resistance to light and washing from treatment with copper 
gulfate or scetic acid. After-treatment was not resorted te 
@o that any differences in results could be aseribed directly 
and purely to the difference in temperatures. 


Residual Yarn Strength Results.--Neither the high temperature 
product nor the normal temperature product appeared toe lose 


any Significant measure of strength after being dyed. See 
Table 31 for detailed results. Aa had been pointed out 
earlier, the yarn was very irregular in strength. Though 
Tabie 31 shows some increase in strength, it is net seie to 
Sseume that such was the actual case, This must be accribed 
to the inherent variation in the yern. 
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CHAPTER V 
CONCLUS IONS 


All of the rewarkes that follow, until otherwise quali~ 
fied, must be applied strietily to the five dyes employed in 
this investigation. 

High temperstures can be used successfully and profitably 
te apply the sulfur dye on cotton yarn. A one-third saving 
in time and @n increase in exhaustion of from 5.0 te 34.2 ver 
eent can be had concurrently by weing this methed. This 
@aving in time refers solely to the actual dyeing cycle only. 
The resulting dyed products are, in every way, as good as 
those of the normhl teuperature process, either the dye ner 
the yern suffers significentiy from exposure to the higher 
temperature. 

Since a one-third aaving in time and an increase in 
exhaustion were experienced concurrentiy, it must be aceuned 
that an exhaustion equal te that of the normal temperatures 
process can be @chieved with an even greater saving in tine. 
The corresponding high temperature dyeing time, of course, 
would have to be determined empirically for each dye. 

Though the qualitative results of this work may, in 
geome motsure, be an indication of the behavior to be expected 
of the reminder of the dyes in this clase, the quantitative 
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resulte should not be taken as either criteria or limits of 

performance for the class a6 & whole. There is no reason to 
Somme that either the best or the worst performing wember of 
this class was used in this experiment. The range of per 

foruances of the dyes weed is eo wide as not to preclude the 
 ~powsibility thet one or more members of the clace will not 

perform succesafully et the higher temperature. By the cane 
token, it ig not impossible that there is one or more nowbers 
which will be superior to any of the dyes used. 
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favestigetion inte the behavior of & email group of 
dyes under special conditions is valuable only in determining 
the possibile nodes of behavior that may be expected of the 
whole class to which the dyes belong. 

it has been shown only thet some sulfur dyes can be 
weed successfully at a high temperature. Whether 411 sulfur 
dyes will behave similarly remains to be determined. 

Before the dyeing industry can proceed to use sulfur 
dyes at @ high temperature, it should be equipped with 
@upirical information on which of the dyes ean be so used and 
on the best procedures for applying then. The only authorite- 
tive sources for this data are the dyestuff manufacturers, 

Therefore, it is recommended that the dyestuff manu- 
facturers collect such information and mke it availnble to 
the dyeing industry co that it can take advantage of the 
@conomies and other benefits that may be realised from the 
use of high temperatures. 
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120 Number 
i 57.8 17.31 
2 61.5 
3 65.5 15.26 
é 61.5 16.25 
5 62. 15.65 
6 63. 18.64 
7 59.2 16.88 
8 68.3 14.63 
a $8.1 17.22 
10 61.6 16.23 
il 65. 222 
12 61. 16.21 
13 64.0 15.61 
14 64.0 -61 
18 89.8 16.72 
16 68.6 14.59 
17 87.9 417.29 
18 61.4 27 
19 68. 15,28 
20 61.3 «28 
21 63.7 o88 
22 63,8 15.66 
23 $9.1 «92 
a 68.2 267 
28 59. 16,77 
Total 400,10 
Average 16.0 
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Ruaber (Sounds) funber (Pounds) 
1 1,30 21 1.42 
2 1.25 22 1.42 
3 1.25 23 1,52 
a «30 24 1.62 
5 1.13 25 1.54 
cc] 220 26 1.10 
7 1.08 27 1.00 
8 1.02 38 0.90 
3 1.20 29 0.96 

19 1.04 36 6,92 
13 1.34 32 1.34 
12 1,12 32 2.20 
13 1,00 33 1.4 
14 1.00 ved 1.20 
15 296 35 1,26 
16 220 36 036 
17 1,00 37 1.34 
13 o,3€ 28 1.20 
19 1,22 39 1.60 
20 1,12 40 0,92 
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Value percentage Percentage 
= Fa 86 
390 Violet 7.0 % 93.0 % 
440 Blue 12.3 87.7 
465 Blue 14.8 83.2 
490 Green 15.6 84.4 
5215 Green 15,5 34.5 
550 Green 14.7 85.3 
S75 Auber 13.1 &% 9 
595 Orange 14.0 86.0 
620 Red 13.5 86.5 
640 Red 12.4 87.6 
660 Red 12,0 8&0 


Composition of Solution: 


1 gram of dye 
5 Saas de caaeteninae aemten sebini 
2 gt of sodius chloride 

ient tap water to make one liter 
of solution 


above solution was then diluted to yield a concentration 
one-tenth of @ gram of dye por liter of solution. 
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Table 12. Saldeumes mor nies pn for 
tic Filter Color fvemntosien Absorption 
of Light of Light 
390 Violet $5.8 % 44.2 % 
Blue 59.4 40.6 
465 Blue 54.6 45.4 
490 Green 39.7 60.3 
515 Green 31.4 68.6 
550 Green 21.5 78.5 
875 Amber 28.0 72.0 
595 Orange 32.6 67.4 
620 Red 36.4 63.6 
640 Red 44.1 55.9 
660 Red 49.7 56.3 


Composition of Sciluticn: 


ficient tap water to make one liter 
of solution 


The above solution was then diluted to yield a concentration 
of five hundredths of « gram of dye per liter of solution. 
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Monochromtic Filters Color tom seoseetiin 
(mil of Light of Light 
390 Violet 36.9 & 63.1 % 
440 Blue 39.8 60.2 
465 Blue 48.3 $1.7 
490 Green 87.1 42.9 
$15 Green 61.8 38.2 
550 Green 80.4 19.6 
878 Amber 91.3 &.7 
595 Orange 94.6 5.4 
620 ned 96.0 4.0 
640 Red 96.8 3.2 
Red 97.2 2.8 


Composition of Solution; 


1 gram of dye 

1 grem of sodium carbonate 

4 grams of crystalline sodium sulfide 
2 grams of sodium chloride 

Sufficient tap water to make one liter 
of solution 


The Shove solution wae then diluted to yield & concentration 
of five hundredths of & gram of dye per liter of solution. 
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Daaereantie Filter Color Transmission heaseetine 

(mill of Light of Light 
390 Violet 48.9 % $1.2 @ 
449 Blue 54.7 45.3 
465 Bive 53.4 46.6 
480 Green 45,1 54.9 
15 Green 39.7 60,3 
850 Green 23.2 66.9 
875 Auber 36.9 63,1 
§95 orange 40.0 60.0 
620 Red 42,7 87.3 
640 Red 47 4 52.6 
860 Red $1.3 48.7 


Composition of Solution: 


1 gram of dye 
| rien 0 eaneuiennas genten ennehde 
erans erystalline tm st 
; of sodium chicoride 
ieient tap water to make one liter 
of solution 


The above solution wae then diluted to yield & concentration 
of five hundredths of & gram of dye per liter of solution. 


ramsrenhite Filter Color Secomuaanaen ieoeeehten 

(mi ) Light of Light 
390 Violet 61.6 % 38.4 % 
446 Bive 73 8 26.2 
465 Blue 79.7 20.3 
490 Green $1.4 18.6 
515 Green €0,0 20.0 
&$0 Green 67.7 32.3 
578 Amber 55.4 44.6 
595 Oraage §2,0 48.0 
620 Red 52.4 47.6 
649 Red $5.5 44,8 
660 Red 58.5 41.5 


Composition of Solution: 


1 gram of dye 
1 gran pe sodium carbonate 
2 gram of cryst®@lline sodium sulfide 
of sodium chloride 
ieient tap weiter to make one liter 
solution 


The above solution was then diluted to yield ® concentration 
of five hundredths of @ gran of dye per liter of solution. 


Table i¢, Transuissioa Percentages for 
Carbon HCP Grains 


Concentration in Grams per Liter Percentage Transnission 
0.02 76.6 
0.02 59.6 
6.03 46.3 
0,04 36.4 
8.05 27.6 


Composition of Solution; 


ficient tap water to sake one liter 
of solution 


The solution wee thea diluted to yield the working concesn~ 


Monochromatic Filter Used: Viclet ~ 390 millinierons 


Seale Ratio Used; 15 Gelvancueter Graduations to 
10 Tr@nemission Dial Gradvations 
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Concentration in Grams per Liter 


0.040 


0.035 


0.030 


0.025 


0.020 


Percentage Transmission of Light 


Fig. 4 


Sulfogene Carbon HCF Grains 
Concentration vs. Percentage 
Light Transmission. 
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Table 17. t Transmission Percentages f 
Sultagens Wavy Blue 4RCP Supra Ke 


Concentration in Grams per Liter Percentage Transmission 
0.02 73.1 
6,02 54.0 
6.03 39.5 
0.04 28.9 
6,06 21.5 


Composition of Selution: 

i gran of dye 

1 gram of sodium carbonate 

4 grams pe erystalline sediun sulfide 

pH vee Moe sodium chloride ! 

ficient tap water to mike one liter 

ef solution 
The solution was then diluted te yield the working concen- 
trations listed above. 
Menochrometic Filter Used: Green ~ 550 mwillinicrons 


Seale Katio Weed; 15 Galvanoneter Graduations to 
10 Transmiseion Dial Graduations 


Concentration in Grams per Liter 


0.045 


0.040 


0.035 


0.030 


0.025 


0.020 


Percentage Transmission of Light 


Fig. 5 Sulfogene Navy Blue 4RCF Supra 
Concentration vs. Percentage 
Transmission of Light 
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Table is, t Transmission Percentages for 
: Tan 2RCF 
Concentration in Grams per Liter Percentage Transuission 
6.01 83.1 
0.02 68.8 
9,03 56.2 
0.04 45.5 
0.05 36.8 


Composition of Solution: 


Sufficient tap water to mke one liter 
of solution 


The solution was then diluted to yield the working concesn- 
trations listed above 


Monochromitic Filter Used: Viclet « 390 millinmicrons 


Seale “satio Used: 15 Galvancoeter Gradustionsa to 
10 Trenemiesion Dial Graduations 
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Percentage Transmission of Light 


0.010 0.015 0.020 0.025 0.030 
Concentration in Grams per Liter 


Fig. 6 Sulfogene Tan 2RCF 
Concentration vs. Percentage 
Transmission of Light 
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Table 19 Transmission Percentages for 
. Saltcgsee Direct Blue MRCP fens. 200% 


6.01 79.2 
0.02 64.0 
0.03 51.2 
0.04 41.0 
0,05 33.2 


Composition of Solution: 


1 gram of dye 

i gram of : 

3 crams of crystalline sodium sulfide 
2 graeme of eh 


The solution wes then diluted to yield the working conven-~ 
trations listed above, 


Wonechromitic Pilter Used: Green ~ 550 millimicrons 


Seale Ratio Used; 15 Calvanometer Graduations to 
10 Tr@enemiasion Dial Graduations 
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Percentage Transmission of Light 
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60 


0.020 


Concentration in Grams per Liter 


Fig. 7 Sulfogene Direct Blue BRCF Conc. 200% 
Concentration vs, Percentage 
Transmission of Light 
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Percentages for Sulfogene 
mee irises Genes On Green GCF Extra Cone. 150% 


Concestration in Grams per Liter Percentage Transmission 


0,01 88.0 
0,02 77.1 
9,03 67.5 
0,04 58.9 


fficient tap water to make one liter 
of solution 


The solution was then diluted to yield the working concen- 
trations listed above. 


Monochrometic Filter Yeed: Orange - 595 willinicrons 


Seale Ratio Used: oS Gelvancueter Graduations to 
0 Transmission Dial Graduations 
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Concentration in Grams per Liter 


0.030 


0.025 


0.020 


0.015 


Percentage Transmission of Light 


Fig. 8 Sulfogene Brilliant Green GCF Extra 
Conc. 150% Concentration vs. Per- 
centage Transmission of Light 
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Table 21. DByebath Exhaustion for Sulfogene Carbon 
+ we lh St 190 Degrees, Fahrenheit, for sixty 


Weight of Yarn (package Number 1) 426.00 grans 
Weight of Dye 42,60 grams 
Weight of Sodium Carbonate 42.60 grams 
Weight lilise Sedium Sulfide 85.20 cranes 
Weight of Sodium Chloride 85. 

Yoiune 14.00 liters 
Ynitial Concentration of Dyebath 3.04 gue/i. 
Transmission of Light of Exhausted Dyebath 

(Diluted to one one-hundredth concentration) 60.9 & 
Corresponding Concentration 1.92 gus/L 
Percentage Exhaustion of Dyebath 36.8 
Weight = Yarn (Package Number 14) 438.00 grams 
Weight of Dye 43.80 crans 
Weight of Sodium Carbonate 43.86 grams 
Weight of Crystalline Sodium Sulfide 67.60 crane 
Weight of Sodium Chloride a7 

Volume of Dyebath 14.00 liters 
Initial Concentration of Dyebath $.13 gus/l 
Transaission of Light of Exhausted Dyebeth 

(Diluted to one one-hundredth concentration) 61.0 & 
Corresponding Concentration 1.91 gue/L 
Percentage Exhaustion of Dyebath 39.0 & 


Average Exhaustion of Dyebaths 37.9 


Table 22. Dyebeath Exhaustion for Sulfogene Carbon IC? 
Grains at High Temperature 


Time of ing: Reete aheeeee Conenesies Ee Kinatte Se 
e 250 degrees, ¥.) 


Weight of Yarn (Package Number 2) 414.750 grams 
Weight of Dye 41.475 grams 
Solent a Crystalline Sodium Sulfide $2980 © 
Weight of Sodium Chloride "aa aeaee 
ume th 14.000 liters 
Initial Concentration of Dyebath 2.96 gus/l 
Tranemiasion of Light of Exhausted th 
(Diluted to one one-hundredth concentration) 65.2 % 
Corresponding Concentration 1.68 gos/t 
Percentage Exhaustion of Dyebath 44.3 % 
Weight of Yarn (Package Wumber 12) 436.70 grans 
Weight of Dye 43.67 grams 
t of 43.67 grame 
Weight of Crystalline Sodium Sulfide 87.34 grans 
Weight of Sodium Chiori 87.34 
Volume of Dyebath 14.00 liters 
Initial Concentration of Dyehbath 3.12 gue/t 
Tra@neniseion of Light of Exhausted Dyebath 
(Diluted to one one~hundredth concentration) 64.3 % 
Corresponding Concentration 1.71 gms/l 
Percentage Exhaustion of Dyebath 45.2 & 


Average Exhaustion of Dyebaths 44.7 & 


Table 23. Dyebath Exhaustion for Sulf Havy Blue <4e¢? 
St 190 Degrees, Fahrenneit, for Sixty 
Weight of Yarn (Package “Number 3) 426.40 grans 
: Dye 42.64 grans 
Weight of Sodium Carhbons 42.84 granus 
ight of Crystalline Sodium Sulfide 170.86 crane 
Weight of Sodium 
Volume of Prebath 14.00 liters 
Initial Concentration of Dyebath 3.046 gun/t. 
Tr@neniseion of Light of Exhausted Dyebath 
@iluted to one one-hundredth concentration) 49.7 % 
Corresponding Concentration 2.275 gme/t. 
Percentage Exhaustion of Dyebath 25.3 & 
Weight of Yarn (Package Number 15) 456,00 grams 
Veight of Dye 45.60 grams 
Weight of Sodium Ca 45.60 grams 
Yeight of Crystalline Sodium Sulfide 182. 
Weight of Sodium Chloride 91.20 
VYolune of Dyebath 14,00 liters 
Initial Concentration of Dyebath 3.257 gme/l. 
Tranemission of tight of Exhausted Dyebath 
(Diluted to one one-hundredth conceatration) 47.9 % 
Corresponding Concentration 2,388 gus /t, 
Percentage Exh@ustion of Dyebeth 26.7 % 


Average Exhaustion of Pyebaths 26.0 % 
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Table 24. Byenath Retauntion Sev SubSugent Mavy Shes Cher 


t High Temperature 


Time of Dyeing: Posty stautee fiashating 18 uhuntes 06 
250 degrees 


» ¥.) 


Initial Concentration of Dyebeth 


Tranemisgion of Light of Exhausted Dyebath 
(Diluted to one one~hundredth concentration) 


Corresponding Concentration 
Pereentage Exhaustion of Dyebath 


Weight of Yarn (Peckage Number 16) 
Weight of Dye 


Initial Concentration of Dyebaeth 


Trenenigsion of Light of Exhausted Dyebath 
(Piluted to one one-hundredth concentration) 


Corresponding Concentration 
Percentage Exhaustion of Dyebath 


Average Exhaustion of Dyebaths 


14.60 tere 
3.144 gus/l 


53.0 % 
2.058 gus/t. 
24.5 G 


34.9 % 


sa 100.8 


a 
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Table 25. Exhaustion for 1 pe oy Tan Sncr 
at 190 begrees, Fahrenheit, Sixty Minutes 

Weight of Yarn (Package Number 5) 426.2 grems 
Weight of Dye 42.62 grams 
Weight of Sodium Carbouste 42.62 grams 
Weight of Crystalline Sodium Sulfide 176,48 grams 
Volume of Dyebath 14.00 tase 
Initial Concentration of Dyebath 3.044 gme/i, 
franemission of Light of Exhausted Dyebath 
(Diluted to one one-hundredth concentration) 69.5 & 
Correspanding Concentration 1.045 gue/t. 
Percentage Exhaustion of Dyebath 36.1 ¢ 
Weight of Yarn (Package Number 17) 446.1 granc 
Weight of Dye 44.61 greene 
Weight of Sodium Cerbonate 44,61 grams 
Weight of Crystalline Sodium Sulfide 178.44 grams 
Weight of Sodium Chicride $9.22 ro 
Volume of Syabe th 14.00 liters 
Initial Concentration of Dyebath 3.186 gue/L 
Tranemission of Light of Exhausted th 
(Diluted to one one~hundredth concentration) 67.8 & 
Corresponding Concentration 2,113 gms/t. 
Pereentage Exhaustion of Dyebath 34.3 & 


Average Exhaustion of Dyebaths 38.2 % 
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Table 26, Dyebath Exhaustion for Sulfegene Tan 2RCF 
at High Temperature 


Time of Dyeing: minutes <emepeting 15 minutes 
degrees, F.) 
Weight of Yarn (Package Nunber 6) 421.8 gran 
Veight of Dye 42.16 grass 
Weight of Sodiuz Carbouate 42.1% crams 
Weight of talline Sodium Sulfide 168.72 crane 
Weight of Sodium Chloride 84.36 
VYolune of 14.00 liters 
Initial Concentration of Byebath 3.013 gus/L 
Tréensmiasion of Light of Exhausted Dyebath 
(Diluted to one one-hundredth concentration) 74.0 % 
Corresponding Concentrations 1.003 gus/t. 
Pereentage Exhaustion of Dyebath 46.8 & 
he 2S a a ew ey 432.0 grams 
Seiant of Sediua 43.2 grams 
Weight of Cryst@liine Sodium Sulfide 172.8 graeme 
Weight of Sedium Chior 8&6. — 
Volume of Dyebath 14.0 ters 
Initial Concentretion of Dyebath 3.086 gns/I. 
on of t of Exhausted 
ticles te nah adbeaieeain anemeaeniess 60 WO 
Corresponding Conventration | 1.650 eme/L 
Pereentage Exhaustion of Dyebath 46.5 % 


Average Exhaustion of Dyebaths 46.65 % 
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Table 27. > Exhaust for Sulfogene Direct 
BRCF Conc. 200%, at 190 Degrees, 
Fahrenheit, for 
Weight p Yarn (Package Number 7) 405.0 grans 
Weight of Sodium Carbonste 40,5 gran 
Veight of Crystalline Sodium Sulfide 121.5 grams 
Weight of Sodium Chloride 21.6 — 
Volume of Dyebath 14.0 liters 
Initial Concentration of Dyebath 2.8929 oma/!. 
of t of Exhausted Dyebs 

(Piluted to en concentration) 63.4 % 
Corresponding Concentration 2.0375 ems/lL 
Perecent@ge Exheurtion of Dyebath 28.6 € 
Weight of Yarn (Package Number 19) 407.9 grams 
Weight of Dye 40.79 cram 
Weight of Sodium Ca te 49.79 gxame 
Weight of Crystalline Sodium Sulfide 122.37 grams 
Weicht of Sodium 61,58 
Volume of Dyeba 14.00 liters 
Initial Concentration of Dyebeth 2.9196 gms/l 
Transmission of Light of Exhaurted Prebath 
(Diluted to one one-hundredth concentration) 65.0 % 
Corresponding Concentration 1.9275 gme/t. 
Percentage Exhaustion of Dyebath 33.8 % 


Average Exhaustion of Dyebaths 31.7 © 


Table 28, po oe laggy 9 = + yrs in lyme 20 on tatalnaata 
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Weight 


Dye 
Weight of Sodium Carbonate 
Weight of Crystalline Sodium Sulfide 
Weight of Sodium Chicride 
Volume of Dyebath 


Initial Concentration of Dyebath 


sists st ascent ate, 


Corresponding Concentration 
Percentage Exhaustion of Dyebath 


Transmiesion of 
(Diluted to one one~hundredth 


Weight of Yarn (Package Number 20) 


Weight of 
Weight of Sodium 


Sodium Carbonate 
Weight of Crystalline Sodium Sulfide 
t of Sodium Chloride 


Weigh 
Volume of Dyebath 


Initial Coneentration of Dyebath 


of Light of Exhausted pyebath 
one-hundredth concentration) 


Traasnission 
@iluted to one 


Correspending Concentration 
Percentage Exhaustion of Dyebath 


Average Exhaustion of Dyebaths 


» 200% at High Temperature 


Ry 


Table 29. Dyebath Exhaustion for Sulfogene Brilliant 
Green GCF Extra Conc. 150% at 190 Degrees, 
Sixty Minutes 


Fahrenheit, for 


Initial Concentration of Dyebath 


Tranemission of Light of Exhausted Dyebath 
(Piluted to one one-hundredth concentration) 


Weight 

Weight of Sodium te 

Weight of Liliane Sodium Sulfide 
Weight of Sodiua ide 

Volume of 


78.70 
14,00 

2.8107 eue/l 
61,0 % 


1.6128 gus/!. 
42.6 % 


43.8 % 


IN EPCS 


Weight of Yarn (Package Number 16) 441.3 grams 
Weight of Dye 44.13 gram 
Weight of Sodium Carbonate — 44.13 grams 
Weight of Crystalline Sodium Sulfide 44.13 grame 
Weight of Sodium 
Volume of Dyebath 14.00 liters 
Initial Concentration of Dyebath 3.1821 gna/t 
of Light of Exhausted Dyebath 
(Piluted ta one one-hundredth concentration) 79.7 % 
Corresponding Concentration 1.7375 gua/l. 
Percentage Vxhaustion of Dyebath 44.8 % 
Weight of Yarn (¢ Number 22) 427.6 
Weight of Dye e-nations 42.7 pam 
Weight of Sodium Carbons 42.7 grams 
Weight of Crystalline Sodium Sulfide 42.7 grams 
Weight of Sodiun 42.7 — 
Volume of Dyebath 14.0 ters 
Initial Concentration of Dyebath 3.0600 gma /I. 
Transuission of Light of Exhausted byebath 
@iluted to one one-hundredth concentration) 81.0 & 
Corresponding Concentration 1.6128 gme/t 


Table $1. Comparigon of Residual Strengths of Dyed Yaras 


pete 1.09 
GUT Wb, gain TOT ww. less 


#3 #6 


Birect Blue BRCF 
Gresk-StrenstW Before Dyeing os Ess fav ieee 
Change in Strength | rie ib. less ats lb. gein 
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he ib. g@in aad lb. gain 
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